A new chelating matrix was prepared by immobilizing 1,2-dihydroxyanthraquinone, or alizarin (AZ), on silica gel modified with (3-aminopropyl)trimethoxysilane. The matrix was characterized by FTIR spectroscopy and elemental analysis. The new matrix was used to preconcentrate Cd(II), Cu(II), Ni(II), Pb(II) and Zn(II) prior to their determination by inductively coupled plasma optical emission spectrometry (ICP-OES). The optimum pH was 5 and the optimum extraction time was approximately 15 minutes using the batch method. Common electrolytes and metal ions did not interfere with the separation and determination of the analytes. The adsorption capacity of the new sorbent was 67.4, 163.5, 212.8, 76.4 and 180.3 µmol/g for Cd(II), Cu(II), Ni(II), Pb(II) and Zn(II), respectively. The relative standard deviations (RSD) were less than 3.0%. This method allowed for successful separation and preconcentration of trace metal ions in different water samples with satisfactory results.
Introduction
Over the last two decades, metal ions have been the focus of numerous studies of contaminants present in aquatic environments. Their increasing presence in aquatic compartments and organisms raises major public health concerns [1] [2] [3] . Numerous harmful health effects, such as high blood pressure and kidney and nervous system impairment, have been linked to exposure to metal ions such as cadmium and lead. All these metals, including copper, are considered toxic to aquatic biota 3 Separation and preconcentration of the metallic ion analytes is necessary for further studied, particularly when they occur at trace levels.
There are many traditional separation and preconcentration methods that can be used between the sample collection and analysis by atomic absorption spectrometry (AAS) or inductively coupled plasma optical emission (ICP-OES). These methods, including liquid-liquid extraction, coprecipitation, and ion exchange, often require large amounts of highpurity organic solvents, some of which are harmful and cause environmental problems. Currently, the solid-phase extraction (SPE) method is one of the most effective multielemental preconcentration methods and has many advantages, such as ease of use, high preconcentration factor, rapid phase separation, low cost, low consumption of organic solvents, and the detection in on-line or off-line modes [4] [5] .
Of the many types of solid phase used in SPE, silica gel immobilized by various organic compounds that use a metal chelating agent to remove, extract, separate and preconcentrate metal ions from different matrices display high thermal, chemical and mechanical stability 6 and is less susceptible to swelling, shrinking, and microbial and radiation decay [7] [8] [9] [10] .
The selectivity of the modified silica gel mainly depends on the structure of the immobilized organic compound as a whole, the nature of the incorporated donor atoms (O, N, P and S), the positioning of the functional groups along the surface of the silica, and the steric requirements of the complex formed after uptake of the desired metal ion [11] [12] [13] .
A variety of chelating ligands have been used to modify a silica gel surface. Modification of the surface is done using an appropriate molecule designated as the precursor silylating agent. The covalent bond formed between the silica surface and the silylating agent yield a new modified silica surface with anchored functionality. It is then possible to immobilize new molecules with a variety of organic functions, including chelating agents 7, [14] [15] [16] [17] [18] [19] [20] .
Silica gel functionalized with 1, 8-dihydroxyanthraquinone   21   , 2-aminomethylpyridine   22 , p-dimethylaminobenzaldehyde, 23 4-(8-hydroxy-5-quinolyazo) naphthalene, 24 2,4,6-trimorpholine-1,3,5-triazin 25 , benzophenone 4-aminobenzoyl-hydrazine 19 , 4-amino-2-mercaptopyrimidine 13 , ethyl-2-benzothi-azolylacetate 26 have been used to enrich for metal ions, Cd(II), Co(II), Cu(II), Ni(II), Pb(II) and Zn(II). The modified silica have been used in various areas, most notably in metal ion preconcentration 27 , ion exchange, 28, 29 biotechnology 30 , sensors 31 , catalysis [32] [33] [34] , pesticides removal 35 and green chemistry 36 . In this study, 1,2-dihydroxyanthraquinone (alizarin, AZ) was immobilized on the surface of a silica gel to create a new solid-phase extractant. The new phase has been characterized by FTIR spectroscopy and elemental analysis. The new sorbent (SG-AZ) was successfully applied to the preconcentration and determination of Cd(II), Cu(II) Ni(II), Pb(II) and Zn(II) in aqueous solutions and environmental samples.
Experimental
The silica gel (60-120 mesh size) and (3-aminopropy)trimethoxysilane used in this study were purchased from Fluca Chemie, AG, Switzerland. Alizarin was purchased from BDH Chemicals Company, (Poole, England) and used as received. Organic solvents were purified and dried according to conventional methods. Stock solutions of metal ions (1 mg/mL) were prepared from analytical reagent grade nitrate salts by dissolving the appropriate amount in 1.0% HNO 3 and were diluted daily prior to use with doubly distilled water (DDW). pH adjustments were made with 0.2 mol/L KCl-HCl buffer (pH 1-2), 0.1 mol/L acetate-acetic acid buffer (pH 3-6) and 0.1 mol/L phosphate buffer (pH 7-8).
Apparatus

Inductively coupled plasma optical emission spectrometry (ICP-OES)
Metal ions were determined using a Perkin Elmer Optima 4100 DV with a cross-flow nebulizer and a Ryton Scott chamber.
Elemental analysis
Elemental analysis was performed with a Perkin Elmer 2400 elemental analyzer.
Infrared spectra (FTIR)
Infrared spectra were measured as KBr discs on a ShimadzuFTIR-8400 Fourier transform infrared spectrophotometer (Japan), evacuated to avoid water and CO 2 absorption. Each spectrum consisted of 64 scans.
Adjustment of pH
The pH value was adjusted using a Hanna pH212 digital pH meter with a glass-body double junction electrode calibrated using standard buffer solutions at 25±0.1°C.
Synthesis of Modified Silica Gel Phase
Activation of silica gel phase (SG)
In order to remove any adsorbed metal ions and increase the content of -OH, 50.0 g of silica gel was activated by refluxing for 8 h with 6 mol/L hydrochloric acid. The silica gel was filtered, washed with DDW until it was free of acid and dried in an oven at 160 C for 8 h.
Synthesis of silica gel modified with 3-aminopropyl-trimethoxysilane (APSG)
First, 14.0 g of activated silica gel was dispersed into 150 mL of dry toluene in a flask and then 14.0 mL of 3-aminopropyl-trimethoxysilane was added to the solution. The reaction mixture was stirred and refluxed for 8 h, left to cool, filtered, washed with toluene, ethanol, and diethyl ether, and finally dried at 70 C.
Synthesis of the SG-AZ sorbent
Alizarin (2.4 g) was dissolved in 150 mL dry toluene with 10 mL dimethylsulfoxide (DMSO) and then 6.0 g of APSG was added. The reaction mixture was refluxed overnight with continues stirring, left to cool, filtered, washed with toluene, ethanol and dried at 70 C for 7 h. During this reaction, the weight of the product increased, indicating that the new sorbent was successfully modified with alizarin. The synthesis route of SG-AZ is schematically represented in Scheme 1. 
General procedure for adsorption-determination of metal Ions (analytes)
Data are given as the mean of three replicates. The applications were repeated five times for statistical evaluation. A total of 30 mg of SG-AZ sorbent was suspended with constant stirring for 10 min in 10 mL of 1.0 g/mL Cd(II), Cu(II), Ni(II), Pb(II) and Zn(II) at the desired pH. The mixture was shaken vigorously for 30 min to facilitate extraction. The modified silica gel was filtered and, washed with DDW. The concentrations of the metal ions in solution were directly determined by ICP-OES. Then the sorbent was shaken with 10-25 mL of 1.5 mol/L HNO 3 for 30 min and filtered again. The desorbed metal ions in the solution were measured by ICP-OES.
Results and Discussion
Characterization
The formation of the modified silica gel was confirmed using FTIR analysis. Carbon, hydrogen and nitrogen elemental analyses were consistent with the increasing amount of silylating agent on the surface (Table 1) . These values confirm that the APSG reaction with activated silica gel and AZ molecules being covalently bonded to the surface. 
Effect of pH
The acidity of a solution has two effects on metal adsorption. First, protons in an acidic solution can protonate the binding sites of the chelating molecules. Secondly, the hydroxide in a basic solution may complex and precipitate many metals. Therefore, the pH of a solution is the first parameter to be optimized. The reactions between Cd(II), Cu(II), Ni(II), Pb(II), and Zn(II) and the adsorbent (SG-AZ) can be influenced by changes in the pH value. In order to optimize this parameter, the effect of the pH on metal ion sorption onto SG-AZ was investigated by equilibrating 30 mg SG-AZ with 10 mL of buffer solutions containing 1.0 µg/mL of metal ions at different pH (1-8).
The adsorption quantity of metal ions increases with the increases of pH (Figure 1 ). Quantitative extraction ( 98%) of the analytes occurs in the pH range of 4-6. In order to avoid hydrolyzing at higher pH values, a pH of 5 was chosen as the optimum pH for further studies. 
Effect of the shaking time
Shaking time is another important factor in evaluating the affinity of SG-AZ to Cd(II), Cu(II), Ni(II), Pb(II), and Zn(II). Shaking times (ranging from 2 to 60 min) were studied for the percentage extraction of the five ions following the recommended procedure. Figure 2 shows the effect of shaking time on the extraction of each metal ion at the optimum pH. The percentage extractions of Cd(II), Cu(II), Ni(II), Pb(II) and Zn(II) reach maximum adsorption (> 95%) within 15 min. These results indicate that SG-AZ has rapid adsorption kinetics. Hence, 30 min of shaking is sufficient to reach the maximum simultaneous separation of all the studied metals. 
Effect of the sorbent amount
To study the effect of SG-AZ amount on quantitative retention of the analytes, different amounts of SG-AZ from 10 to 100 mg were added to the solution following the recommended procedure. The most suitable mass of SG-AZ sorbent for good extraction was 30 mg for the metal ions under investigation (Figure 3) . 
Adsorption capacity
The capacity of the adsorbent is an important factor because it determines how much adsorbent is required to quantitatively remove a specific amount of metal ions from a solution. 39 The adsorption capacity for each metal ion was determined by shaking 30 mg of SG-AZ with 50 mL of various concentrations of Cd(II), Cu(II), Ni(II), Pb(II), and Zn(II) for 1 h at optimum conditions. The adsorption capacity was calculated using the following equation:
where q is the amount of metal ion sorbed onto a unit amount of the adsorbent (µmol/g), C o and C are the concentrations of metal ions in the initial and equilibrium concentrations in aqueous phase (µmol/L), V is the volume of the aqueous phase (L), and W is the dry weight of the sorbent (g) 12, 19, 40 .
The adsorption capacity of the various metal ions differs due to their size, degree of hydration and the value of their binding constant with the adsorbent. The maximum adsorption capacity was 67.4, 163.5, 212.8, 76.4 and 180.3 µmol/g for Cd(II), Cu(II), Ni(II), Pb(II) and Zn(II), respectively.
Effect of foreign ions
The effect of different cations and anions on the adsorption of the five metal ions analytes was investigated. In these studies, 1.0 µg/mL each of Cd(II), Cu(II), Ni(II), Pb(II) and Zn(II) solutions containing the interfering ions were analyzed according to the general procedure. The tolerance limit was set at the amount of ions that reduced the recovery of the examined elements to less than 95%.
As shown in Table 2 , 500-2000 fold of common electrolytes did not significantly interfere in the preconcentration and determination of the analytes, indicating that the new sorbent is suitable for adsorption of Cd(II), Cu(II), Ni(II), Pb(II) and Zn(II) in high concentration of electrolytes. 
Accuracy and precision of the method
To check the accuracy of our method, Standard Reference Material (SRM) 1643c from the National Institute of Standard and Technology (NIST, Gaithersburg, MD) was used. Our results agreed with the NIST certified levels as shown in Table 3 . 
Application of the method
The proposed method was applied to the determination of Cd(II), Cu(II), Ni(II), Pb(II) and Zn(II) in tap water samples by ICP-AES. The standard addition method was used for the analysis of the water samples and the results for the recovery of both metals are presented in Table 4 . As shown in Table 4 , the recoveries of analytes were in the range of 96.13-98.90%, with RSD less than 3%. Therefore, SG-AZ is suitable for the preconcentration of Cd(II), Cu(II), Ni(II), Pb(II) and Zn(II) from water samples prior to ICP-OES analysis. 
Comparison with other preconcentrating matrices
The sorption capacity of SG-AZ compared with other matrices is shown in Table 5 . The new matrix in this study shows better or comparable capacity to most other matrices used for the enrichment of Cd(II), Cu(II), Ni(II), Pb(II) and Zn(II). However, SG-AZ exhibits a lower capacity than silica gel modified with 2-aminomethylpyridine. 22 In general SG-AZ offer good sorption capacity values. The total shaking time required for quantitative extraction by the present matrix is on the same order reported for other matrices. Matrix effects with the present collectors are low, as shown by natural water sample analysis (Table 4) . 
Conclusion
Silica gel modified with 1,2-dihydroxyanthraquinone is a new solid-phase extractant for the preconcentration of trace Cd(II), Cu(II), Ni (II), Pb(II) and Zn(II) from sample solutions. The short loading time of this sorbent makes the analytical procedure reasonably fast. The order of sorption capacities order was Ni  Zn  Cu  Pb  Cd. This newly developed method was successfully applied to the analysis of trace metal ions in natural water samples. The precision and accuracy of the method are satisfactory. The new modified silica gel may be used as an inexpensive, effective, and alternative sorbent for the removal of five metal ions from aqueous solutions.
